Helix stability and hydrophobicity in the folding mechanism of the bacterial immunity protein Im9.
Recent models suggest that the mechanism of protein folding is determined by the balance between the stability of secondary structural elements and the hydrophobicity of the sequence. Here we determine the role of these factors in the folding kinetics of Im9* by altering the secondary structure propensity or hydrophobicity of helices I, II or IV by the substitution of residues at solvent exposed sites. The folding kinetics of each variant were measured at pH 7.0 and 10 degrees C, under which conditions wild-type Im9* folds with two-state kinetics. We show that increasing the helicity of these sequences in regions known to be structured in the folding intermediate of Im7*, switches the folding of Im9* from a two- to three-state mechanism. By contrast, increasing the hydrophobicity of helices I or IV has no effect on the kinetic folding mechanism. Interestingly, however, increasing the hydrophobicity of solvent-exposed residues in helix II stabilizes the folding intermediate and the rate-limiting transition state, consistent with the view that this helix makes significant non-native interactions during folding. The results highlight the generic importance of intermediates in folding and show that such species can be populated by increasing helical propensity or by stabilizing inter-helix contacts through non-native interactions.